Histological specimens of 30 distinct adenomas and 30 distinct carcinomas were studied by image analysis to quantify nuclear size and shape. These data were used to derive a discriminant equation, which permitted the lesions to be classified into two groups based on nuclear atypia. Next, 50 superficial type tumors of the colon (34 IIa lesions, 9 IIc + IIa lesions, and 7 IIc lesions) <10 mm in longest diameter were similarly analyzed. These lesions were classified into a high atypia index group (HA1 group, 14 lesions) and a low atypia index group (LAI group, 36 lesions) by the above discriminatory equation. Differences between these two groups in surface structure, marginal zone properties, and macroscopic type, assessed using a dissecting microscope, were studied. A hyperplastic shape of the tubular orifice was seen at the marginal zone in 10 lesions (27.7%) in the LAI group and 11 lesions (78.5%) in the HA1 group. This difference was significant. Surface structure and macroscopic type were not correlated with the degree of atypia. The tubular density in lesions showing a hyperplastic pitted pattern at their border was 77.40, significantly higher than that for lesions without such a pattern (73.12). The contribution of various variables to surface structure, marginal zone properties, and macroscopic type was studied by discriminant analysis. A high correlation was found between marginal zone properties and tubular density. Since lesions with high nuclear atypia tend to have high tubular density, marginal zone properties were secondarily correlated with the level of nuclear atypia. Observation of the marginal zone properties of lesions was thus suggested to be helpful in the diagnosis of lesions with severe atypia.
INTRODUCTION
The detection of small superficial type neoplasms of the colon has increased recently. Included among these lesions are many small (longest diameter <10 mm), rapidly progressive carcinomas that invade the submucosa. Clinically, the accurate diagnosis of these lesions has become an urgent task. -3 The atypia of small lesions that invade the submucosa has been reported to be severe, both in the mucosa and the submucosa. 4 Clinical identification of small lesions with severe atypia requires an understanding of their macroscopic characteristics. Numerous studies have addressed this issue by investigating the relationship between pathological diagnosis and the superficial characteristics of lesions. However, the lack of consistent pathological criteria for the diagnosis of intramucosal lesions calls into question the credibility of previously reported results. Further problems are associated with significant interlaboratory differences in the assessment of atypia for depressed type lesions. These factors have precluded the development and acceptance of objective criteria defining the superficial characteristics of carcinomas.
The initial aim of this study was to develop a discriminatory equation that would differentiate colonic carcinomas from adenomas based on nuclear atypia as assessed by image analysis. This was accomplished by studying a series of clear-cut colonic carcinomas that invaded the submucosa or deeper and a series of adenomas as controls. The resulting discriminant equation was then applied to superficial type neoplasms of the colon (longest diameter <10 mm) that were resected endoscopically. The diagnosis derived by this discriminant equation was then compared with the histopathological diagnosis. The cor-relation with macroscopic type, surface properties, and marginal zone properties was assessed using a dissecting microscope, and was studied to identify objective variables that would facilitate diagnosis.
SUBJECTS AND METHODS
As controls, 30 surgically resected colonic carcinomas invading to the submucosa or deeper (11 sm carcinomas, 8 pm carcinomas, 11 ss carcinomas) and 30 endoscopically resected pedunculated or semipedunculated colonic adenomas showing mild atypia were studied. All lesions were diagnosed in this department between April 1991 and September 1993. All carcinomas were well differentiated adenocarcinomas, and the region of submucosal invasion was studied. The adenomas showed mild atypia and satisfied all of the criteria proposed by Watanabe et alp for colonic adenomas.
Micrographs of the designated areas in pathological specimens in the control group were displayed on a monitor screen connected to a computer. The measurements described below were then made using a manually operated image analyzer (Rise Co., type EM).
Atypia .was quantified by measuring nuclear area, longest diameter, and shortest diameter as indices of nuclear size. The nuclear longest shortest diameter ratio and the shape index were measured as indices ofnuclear shape. The shape index was calculated by the formula: nuclear circumference2/nuclear area x 1/4. This value expresses the degree of divergence from a round shape. On the monitor, nuclei of tubule cells, considered to most closely reflect atypia, were measured in groups of 50 at a magnification of 2500x, and measurements were expressed as mean values. Any overlapping nuclei or nuclei with indistinct margins were excluded.
The atypia indices that significantly differed between the control carcinomas and adenomas underwent discriminatory analysis to derive an equation that would differentiate these lesions.
Next, 50 small (longest diameter <10 mm), superficial type neoplasms of the colon, obtained during the study period by endoscopic resection, were studied. Histopathologically, lesion height was less than twice the thickness of the surrounding normal mucosa and growth was primarily horizontal, creating the appearance of a fiat lesion. Hemispherical lesions were excluded. The surface structure of all neoplasms was examined using a dissecting microscope. All lesions also underwent careful histological examination, and the grade of atypia within a given lesion was regarded to be histologically homogeneous. Endoscopically resected lesions were spread out on pieces of rubber using a pin, taking care to avoid excessive distention, and immediately fixed in 10% formalin solution. After 24 hours, any surface mucus was removed by washing thoroughly with tap water. The lesions were stained with Carrazi's hematoxylin stain, and the surface structure and marginal zone were examined at a magnification of 7.5 to 40x using a dissecting microscope (Olympus, model SZH).
The central surface structure of the lesions was classified based on the morphology of the orifice of tubules into IllS type and IIIL type as described by Kudo et al. 6 The configuration ofthe marginal zone was classified as A type (Fig. 1A) , showing a sharp boundary with normal surrounding crypts, or B type (Fig. 1B) , showing an irregular wavy pattern with hyperplastic surrounding crypts, referring to the classification of Tada et al. 7 In addition to the aforementioned observations, tubular density was measured according to the method described by Nakamura. 4 Regions with relatively uniform tubular density were magnified 450x and projected on a monitor. was performed using the measured variables (nuclear area, longest diameter, shortest diameter, longesl/shortest diameter ratio, shape index, and tubular density). The significance (F value and probability) of the coefficient corresponding to each of the variables of the resulting linear discriminant equation was determined. Discriminant analyses were likewise performed for surface and marginal zone properties, and the significance of the coefficient for each variable was determined. For statistical analysis, the Mann-Whitney test and X2 test were used.
Differences with a probability of p < 0.05 were regarded to be significant.
RESULTS

Nuclear Measurement in Control Group
Carcinomas and adenomas differed significantly in regard to nuclear area, longest diameter, shortest diameter, longest/shortest diameter ratio, and shape index (p < 0.1) ( Table 1) . Among these five variables, discriminant analysis using 2 or more variables may be performed 21 ways. The formula that yielded the highest accuracy with the fewest variables and the lowest error discrimination rate was determined. When discriminant analysis was performed using the two variables of nuclear area and longest/shortest diameter ratio, the accuracy of the resulting equation for the 60 lesions in the control group was 100%, and the error discrimination rate, assuming that the pathological diagnosis was correct, was 4.4%, which was the lowest value obtained.
Atypia Index and Histopathological Diagnosis
The 50 lesions in the study group were classified by discriminant analysis into 14 lesions in the HA1 group and 36 lesions in the LAI group. There were no lesions that were unclassifiable due to aZvalue of0. Comparedwith the pathological diagnosis, all 6 carcinomas and 8 of the 10 adenomas with high atypia belonged to the HAl group (Table 2) . For macroscopic type, the F value of the coefficient for the longest diameter of the nucleus was significantly higher than that for other variables (Table 6 ), but for central surface properties significance was not obtained for any variable (Table 7) . Regarding marginal zone properties, the F value for the coefficient of tubular density was highest (p < 0.01), indicating that tubular density was most closely related to marginal zone properties in both the A group and the B group (Table 8) .
DISCUSSION
Although several theories have been proposed for the definition of superficial type tumors, [9] [10] [11] [12] [13] there is still a lack of consensus. In principle, superficial type tumors are defined according to the criteria for early gastric cancer. Macroscopically, these lesions appear as slightly protruding or depressed lesions. However, as the structure of low, (Figs. 2 and 3) .
Increased detection of superficial type neoplasms of the colon has motivated various clinical studies on these lesions. However, the reliability ofprevious studies has been compromised due to the lack of uniform pathological criteria for mucosal carcinomas. This can also be inferred from the considerable differences between centers in the relative frequencies of carcinomas among all colonic neoplasms as well as the rates of carcinomas with and without adenoma components.
To make the histological diagnosis of cancer more objective, Nakamura et al. 14 assigned numerical scores to the atypia of tumorous lesions at cytological and histological levels, and assessed whether lesions were benign or malignant based on the total score. They measured the nucleus/cytoplasm area ratio per tubule and the tubule/interstitial area ratio (tubular density).
Determination of these variables facilitated a more objective and reproducible diagnosis of adenomas and carcinomas. Watanabe et al., 5 however, pointed out several problems with the method of Nakamura et al. Specifically mentioned were lack of adequate regard for nuclear and nucleolar shape, a main characteristic of cancer, high fluctuations in the measured variables (i.e., ratios), and considerable variations in the results depending on specimen staining intensity. To resolve these problems, Ajioka et al. 15 emphasized the importance of cellular differentiation (cellular atypia) as an indicator 16 in addition, all control carcinomas invaded the submucosa and were consistently diagnosed as carcinomas by a group of pathologists. The study group consisted of 30 randomly selected carcinomas that invaded the submucosa. All of these lesions were surgically resected during the same period as the control lesions. The concepts of low atypia and high atypia carcinomas proposed by Watanabe et al. 5 and of polypoid and nonpolypoid growth type proposed by Shimoda et al. 17 were not considered. However, although slowly and rapidly progressing carcinomas or carcinomas with other distinct characteristics such as different grades of atypia are know to exist, atypia of carcinomas is fundamentally a continuously evolving process, and the criteria for each stage have not been established. In this study, the carcinomas in the control group were randomly selected to represent carcinomas in general. The fact that significant differences were noted in nuclear dimensions between the control adenoma group and the control carcinoma group indicates that these groups were appropriate as controls for the discriminant analysis.
Generally, after invading the submucosa, carcinomas develop differently than they do in the mucosa. It is thus inappropriate to measure the tubular density in regions of submucosal cancer invasion and directly compare it with the tubular density of intramucosal lesions. Therefore, in the present study, tubular density was excluded from discriminant analysis, and it was treated as an independent variable. As an index of atypia, the nucleus/cytoplasm ratio (the nuclear area divided by the sum of the cytoplasmic area and the nuclear area) is known to be higher in carcinomas than in tubule ducts, but as atypia increases, nuclei become less stratified, resulting in decreased nuclear area and, consequently, a smaller nucleus/cytoplasm ratio. This variable is not directly related to the atypia of carcinomas invading the submucosa. It was thus not studied.
The resulting discriminant equation was a first-order linear equation, with the nuclear area as an index of nuclear size and the nuclear longest diameter/shortest diameter ratio an index of nuclear shape. The sum of these variables serves to classify lesions into a high-atypia group and a low-atypia group. The error discrimination rate was set as low as possible statistically, and in fact the error discriminatory rate for the two control groups was 0 (accuracy 100%).
The HA1 group defined by the discriminant equation was found to correspond to carcinomas and highly atypical adenomas, by comparison with actual pathological diagnoses. Strictly speaking, however, the LAI group showed some noncorrespondence because it included two highly atypical adenomas. On histological reexamination, Dissecting microscopic view showed a slightly depressed lesion of-4 mm in diameter. The surface property was mainly IllS type. Its margin was irregular and surrounded by hyperplastic tubules. The marginal zone property was classified as B type. C. Cross-section of Figure 3B . The area of neoplastic ducts was slightly more depressed than the normal surrounding mucosa. The macroscopic type was classified as Ilc + IIa. D. Histological picture at low magnification. The tubular density of the lesion was 78.97%, nuclear area was 37.03 t m2, and nuclear shortest/longest diameter ratio was 2.37.
The atypia index obtained from the discriminant equation was +0.986. This lesion was classified into the HA1 group. The histopathological diagnosis was adenoma with severe atypia.
CHARACTERISTICS OF SMALL COLONIC TUMORS 145 both of these lesions were found to have higher variability in nuclear polarity than in nuclear size. It was therefore concluded that the pathological diagnosis of these lesions as highly atypical adenomas was based on nuclear polarity in addition to nuclear size and shape.
The diagnostic criteria for colonic cancer proposed by Watanabe et alp globally evaluates cells based on nuclear staining property, polarity, and nucleolar shape in addition to nuclear size and shape. Therefore, the nuclear atypia index presented here may not be flawless. However, because the discriminant equation was very accurate in the control group and because all lesions pathologically evaluated to be either carcinomas or highly atypical adenomas were classified into the HA1 group, nuclear size and shape are regarded as the most important indices of atypia. The results derived using these indices did reflect the degree ofatypia and did not negatively affect the accuracy of diagnosis.
There Structural atypia is evaluated based primarily on features such as a back-to-back arrangement, tubule asymmetry, and increased numbers of tubules. It is difficult to directly quantify these features to enhance objectivity. Ohkura and Nakamura -0 proposed tubular density as a global index of structural atypia.
Cellular atypia and structural atypia are regarded as two distinct entities that are not directly related. For highly differentiated carcinomas, cellular atypia is a more important diagnostic criterion than it is for undifferentiated carcinomas, and structural atypia, particularly tubular density, should serve as an auxiliary criterion for diagnosis.
However, the fact that lesions with high nuclear atypia tended to show high tubular density in this study suggests that lesions that are very likely to become malignant have high tubular density.
The theory that the surface and margin zone properties of lesions refect tubular density to a greater extent than does nuclear shape has not been proven. A high density of neoplastic tubules applies pressure on the surrounding normal tissue and is thought to cause hyperplastic changes around lesions. Moreover, assuming that lesions with high tubular density tend to have high cellular (nuclear) atypia, it may be possible to identify lesions that are very likely to become malignant by closely inspecting their marginal zones endoscopically.
Since the atypia of depressed type lesions tends to be overevaluated on histopathological examination, the rate of false-positive diagnoses of cancer may be high for depressed type lesions showing IllS characteristics at the tubule orifice. However, lesions with high tubular density are likely to have a fine, dense pattern at the tubule oririce. Quantification of tubular density in a clinical setting may therefore improve the accuracy of endoscopic diagnosis.
